Experimental Section
Fabrication of Template-stripped mica/Au: Muscovite mica sheets (Electron Microscopy Sciences, Hatfield, PA; Spruce Pine Mica Company, Spruce Pine, NC) were cleaved using scotch tape and loaded into a Kurt Lesker PVD 75 chamber. 50 nm gold was sputtered under 5x10 -5 Pa at a rate of 2 Å/s. The base of the substrate (cover glass or silicon) was prepared by cutting the material into 1 cm 2 pieces followed by rinsing and UV-ozone cleaning. The bases were then glued to the gold coated mica sheets immediately after sputtering using low viscosity epoxy (H70S, Epoxy Technology Inc, Billerica, MA). The product was heated at 120 °C for 2 hours and then cut into small pieces.
The top most layer of mica was lifted off immediately before use.
DNA preparation and purification:
Plasmid (pUC19-VSR) was purified from E. coli using a plasmid mini kit (QIAGEN, Hilden, Germany). The plasmid was digested with the restriction enzyme XmnI (New England Biolabs, Ipswich, MA), resulting in linear DNA with a length of 2708 base pairs. It was then purified with a PCR purification kit (QIAGEN, Hilden, Germany).
DNA deposition:
For imaging, purified linear DNA was diluted to a concentration of 1-5 ng/µL in a low salt imaging buffer of 25 mM HEPES, pH 7.5, 50 mM NaCH3COO, and 10 mM Mg(CH3COO)2.
Linear DNA was deposited onto a freshly cleaved mica/Au surface at room temperature, washed with pure water (Sigma Aldrich, St. Louis, MO), blotted dry, and further dried under a gentle flow of nitrogen.
TERS probes:
TERS active probes were prepared by coating 80 nm of gold onto ultrasharp noncontact silicon tips (NSC12, MikroMasch, Watsonville, CA). The coating was sputtered under 5x10 -5 Pa at a rate of 1.5 Å/s. 
AFM imaging:

Tip-enhanced Raman spectroscopy:
Our TERS experiments were performed with the AFM-Raman system from Horiba, comprising an AIST-NT SmartSPM scanning probe microscope, equipped with a side-illumination Raman LabRAM HR Evolution. The sample is illuminated from the side, and the Raman spectrum is collected through the same objective lens (50x magnification, NA 0.5, Olympus). A HeNe laser with the wavelength of 633 nm was used for excitation. The laser power at the sample was less than 0.4 mW to avoid damage to the sample and tip. Each pixel on the TERS map is from 1s accumulation. The TERS data is processed with Matlab. Processing methods include normalization, background subtraction and spike removal. MATLAB HYPER-Tools Toolbox is used to extract information from TERS hyperspectral image. The color map in Figure 5c in the main text is obtained through a principal component analysis (PCA) algorithm.
COMSOL simulations:
The tip was approximated as a Au sphere with = 25 nm above a thin layer of muscovite mica covering a metal substrate. The refractive indices at = 632.8 nm used for Au, 1 
Other measurements:
The SEM and EDX measurements were taken on Hitachi S-4700 Cold Cathode Field Emission Scanning Electron Microscope. The Raman and photoluminescence measurements were conducted using the Horiba LabRam Raman spectrometer, using a 632.8 nm laser. All the Raman and PL spectra were collected through an 100x objective (0.9 NA, Olympus). SI Table 3 . Permittivity dependence of the field enhancement. Enhancement factors of different metal pairs were calculated with COMSOL Multiphysics at 30 degree incidence, a wavelength of 632.8 nm, and with the metal nanoparticle 0.5 nm above a 5 nm mica/metal surface. Results indicate that the same structure can be extended to metals other than gold.
Distance
SI Figure 1 . a) SEM and b), c) XPS of the mica/Au surface. After the initial liftoff procedure, mica layers of varying thickness remain on the Au surface. SI Figure 3 . Raman spectra taken at various positions on a mica/Au substrate using a 633 nm laser. Raman measurements confirmed that bulk mica flakes (>10 nm) have Raman peaks at 387, 407 and 700 cm -1 . At mica thicknesses below 10 nm, we cannot detect these Raman peaks. We also do not observe mica vibrational modes in the TERS spectra, and therefore they do not interfere with the Raman signature of deposited samples. 
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